Claims 



[cl] W^ n °P to-electr ' c device for measuring the root mean square value of an 

alternating current voltage comprising: 
a) aS\ electric field-to-light-to-voltage converter comprising: 
\1) a light source; 
2\an electro-optic material: 

\ (a) receiving light from said light source; 
\(b) modulating said light; and 
(c^) providing a modulated light output; 
3) an electric field applied to said electro-optic crystal by means of 
electrodes\formed on said electro-optic material to modulate said light 
from said light source to produce said modulated light output; 
^ b) an optical received for receiving and converting said modulated output light 

from said electro-optrc material to a first voltage that is proportional to a 
square of said electric field applied to said electro-optic material; 

c) an averager circuit receiving said first voltage and providing a second voltage 
that is proportional to the average of said square of said electric field over a 
period of time; and 

d) an inverse ratiometric circuft receiving said second voltage from said 
averager circuit and returning a third voltage that is an inverse voltage of said 
second voltage to said electric fielc{-to-light-to-voltage converter to produce an 
output voltage that is the root mean\square voltage of said applied electric field. 

[c2] 

2. An opto-electric device for measuring the root mean square value of an 
alternating current voltage comprising: 
a) an electric field-to-light-to-voltage converter comprising: 

1) a light source; 

2) an electro-optic material: 

(a) receiving light from said light source; 

(b) modulating said light; and 

(c) providing a modulated light output; 

3) an electric field applied to said electro-optic Crystal to modulate said 
light from said light source to produce said modulated light output; 
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b) an optical receiver for receiving and converting said modulated output light 
from said electro-optic material to a first voltage that is proportional to a 
square of said electric field applied to said electro-optic material; 

c) an averager circuit receiving said first voltage and providing a second voltage 
that is proportional to the average of said square of said electric field over a 
peridtJ of time; and 

d) an "mverse ratiometric circuit receiving said second voltage from said 
averager circuit and returning a third voltage that is an inverse voltage of said 
second Voltage to said electric field-to-light-to-voltage converter to produce an 
output voltage that is the root mean square voltage of said applied electric field 
and where\i said third voltage is used to control the intensity of said light 
source. 

[c3] 3. The opto-eWtric device for measuring the root mean square value of an 

alternating current voltage according to claim 2 wherein said electro-optic 
material is an anisotropic lithium niobate crystal. 

[c4] 4. The opto-electriV device for measuring the root mean square value of an 

alternating current voltage according to claim 3 wherein a Mach-Zehnder 
interferometer is formed in said lithium niobate crystal. 



[c5] 



5. An opto-electric devicet for measuring the root mean square value of an 
alternating current voltageVomprising: 

a) an electric field-to-light-tp-voltage converter comprising: 

1) a light source; 

2) an electro-optic material: 

(a) receiving light from said light source; 

(b) modulating said ligint; and 

(c) providing a modulated light output; 

3) an electric field applied to saicl electro-optic crystal to modulate said 
light from said light source to procluce said modulated light output; 

b) an optical receiver for receiving and converting said modulated output light 
from said electro-optic material to a first voltage that is proportional to a 
square of said electric field applied to said eleVtro-optic material; 
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[c6] 



[c7] 



[c8] 



c) \an averager circuit receiving said first voltage and providing a second voltage 
that is proportional to the average of said square of said electric field over a 
period of time; 

d) an mverse ratiometric circuit receiving said second voltage from said 
average\circuit and returning a third voltage that is an inverse voltage of said 
second vo\age to said electric field-to-light-to-voltage converter to produce an 
output voltage that is the root mean square voltage of said applied electric field; 

e) an environmental container for said electro-optic material; and 

f) a temperature control unit for maintaining a set temperature within said 
environmental container. 

6. The opto-electric deWe for measuring the root mean square value of an 
alternating current voltag/te according to claim 5 with said environmental 
container having therein aremperature sensor. 

7. The opto-electric device foXmeasuring the root mean square value of an 
alternating current voltage according to claim 5 with said environmental 
container having therein a heatingldevice. 

8. An opto-electric device for measuring the root mean square value of an 
alternating current voltage comprising: 

a) an electric field-to-light-to-voltage converter comprising: 

1) a light source; 

2) an electro-optic material: 

(a) receiving light from said light source; 

(b) modulating said light; and 

(c) providing a modulated light output; 

3) an electric field applied to said electro-optic crystal to modulate said 
light from said light source to produce said modulated light output; 

b) an optical receiver for receiving and converting said modulated output light 
from said electro-optic material to a first voltage that is propbrtional to a 
square of said electric field applied to said electro-optic material; 

c) an averager circuit receiving said first voltage and providing a second voltage 
that is proportional to the average of said square of said electric field over a 
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[c9] 



jeriod of time; 

dran inverse ratiometric circuit receiving said second voltage from said 
averager circuit and returning a third voltage that is an inverse voltage of said 
second voltage to said electric field-to-light-to-voltage converter to produce an 
outputyoltage that is the root mean square voltage of said applied electric field; 
and 

e) a biasing voltage applied to said electro-optic material for setting said 
electro-optiomaterial to provide essentially zero modulated output. 

9. An opto-eleotric device for measuring the root mean square value of an 
alternating current voltage comprising: 

a) an electric fieldAio-light-to-voltage converter comprising: 

1) a light source; 

2) an electro-optic material: 

(a) receivingJight from said light source; 

(b) modulating^ said light; and 

(c) providing a modulated light output; 

3) an electric field applied to said electro-optic crystal to modulate said 
light from said light source to produce said modulated light output; 

b) an optical receiver for receiving\and converting said modulated output light 
from said electro-optic material to kfirst voltage that is proportional to a 
square of said electric field applied to^said electro-optic material; 

c) an averager circuit receiving said firstVoltage and providing a second voltage 
that is proportional to the average of said\quare of said electric field over a 
period of time; 

d) an inverse ratiometric circuit receiving said Second voltage from said 
averager circuit and returning a third voltage tha\ is an inverse voltage of said 
second voltage to said electric field-to-light-to-voltage converter to produce an 
output voltage that is the root mean square voltage o\said applied electric field; 
and 

e) an ac calibration source with analog to digital conversioNn for applying a 
known ac voltage at a known frequency to said electro-opticVnaterial. 



[clO] 



10. An opto-electric device for measuring the root mean squareValue of an 
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■alternating current voltage comprising: 
a\an electric field-to-light-to-voltage converter comprising: 
\ 1) a light source; 
\ 2) an elearo-optic material: 
\ (a) receiving light from said light source; 
\ (b) modulating said light; and 

\ (c) providing a modulated light output; 
3) an electric field applied to said electro-optic crystal to modulate said 
light Trom said light source to produce said modulated light output; 

b) an opticalVeceiver for receiving and converting said modulated output light 
from said elecVo-optic material to a first voltage that is proportional to a 
square of said electric field applied to said electro-optic material; 

c) an averager circuit receiving said first voltage and providing a second voltage 
that is proportionaWo the average of said square of said electric field over a 
period of time; \ 

d) an inverse ratiometrV circuit receiving said second voltage from said 
averager circuit and returning a third voltage that is an inverse voltage of said 
second voltage to said electric field-to-light-to-voltage converter to produce an 
output voltage that is the roqt mean square voltage of said applied electric field; 
and \ 

e) a voltage correction table for correcting said output voltage. 

[ell] \ 

1 1 . An opto-electric device for measuring the root mean square value of an 

alternating current voltage comprising:\ 

a) an electric field-to-light-to-voltage converter comprising: 

1) a light source; \ 

2) an electro-optic material: \ 

(a) receiving light from said light source; 

(b) modulating said light; and \ 

(c) providing a modulated light output; \ 

3) an electric field applied to said elearo-optic crystal to modulate said 
light from said light source to produce said modulated light output; 

b) an optical receiver for receiving and converting said modulated output light 



APP ID=1 0065680 



Page 25 of 39 



fivom said electro-optic material to a first voltage that is proportional to a 
square of said electric field applied to said electro-optic material; 

c) arVaverager circuit receiving said first voltage and providing a second voltage 
that is\proportional to the average of said square of said electric field over a 
period of time; 

d) an inverse ratiometric circuit receiving said second voltage from said 
averager circuit and returning a third voltage that is an inverse voltage of said 
second voltage to said electric field-to-light-to-voltage converter to produce an 
output voltag\that is the root mean square voltage of said applied electric field; 
and 

e) a frequency correction table for correcting said voltage output. 



[cl2] 



12. An opto-electriodevice for measuring the root mean square value of an 
alternating current vol\age comprising: 

a) an electric field-to-lig\it-to-voltage converter comprising: 

1) a light source; 

2) an integrated electrb-optic material: 

(a) receiving light worn said light source; 

(b) processing and modulating said light; and 

(c) providing a modulated light output; 

3) an electric field applied to said electro-optic crystal to modulate said 
light from said light source to prqduce said modulated light output; 

b) an optical detector receiving and converting said modulated output light from 
said electro-optic material to a first voltage\hat is proportional to a square of 
said electric field applied to said electro-opticVnaterial; 

c) an averager circuit receiving said first voltage\nd providing a second voltage 
that is proportional to the average of said square o\said electric field over a 
period of time; and 

d) a circuit for providing an output voltage that is the root mean square voltage 
of said applied electric field. 



[cl3] 



1 3. An opto-electric device for measuring the root mean square value of an 
alternating current voltage comprising: 
a) an electric field-to-light-to-voltage converter comprising: 
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[cl4] 



[c!5] 



lV a light source; 

2) \in electro-optic material having formed therein a Mach-Zehnder-type 
interferometer, said interferometer comprising: 

\(a) an input waveguide for receiving light from said light source; 
?) a first waveguide leg and a second waveguide leg divided from 
said input waveguide for modulating said light; and 

(c) knd output waveguide combining said first waveguide leg and 
said\econd waveguide leg to provide a modulated light output; and 

(d) saia interferometer operating as a squarer device; 

3) an electric field applied to said electro-optic crystal to modulate said 
light from said \ight source to produce said modulated light output; 

b) an optical receiver fcV receiving and converting said modulated output light 
from said electro-optic material to a first voltage that is proportional to a 
square of said electric fielciapplied to said electro-optic material; 

c) an averager circuit receiving said first voltage and providing a second voltage 
that is proportional to the average of said square of said electric field over a 
period of time; and 

d) an inverse ratiometric circuit receiving said second voltage from said 
averager circuit and returning a third voltage that is an inverse voltage of said 
second voltage to said electric field\o-light-to-voltage converter to produce an 
output voltage that is the root-mean-\quare voltage of said applied electric 
field. 

14. The opto-electric device for measurin&the root-mean-square value of an 
alternating current voltage according to claim 1 3 wherein said interferometer is 
made to operate as a squarer device by making said first waveguide leg longer 
than said second waveguide leg. 

1 5. The opto-electric device for measuring the root-mean-square value of an 
alternating current voltage according to claim 1 3 wrterein said interferometer is 
made to operate as a squarer device by providing a br&sing voltage to said 
interferometer. 



[c!6] 



1 6. A Mach-Zehnder interferometer comprising: 
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(^) an input waveguide for receiving light from a light source; 

(b) a first waveguide leg and a second waveguide leg divided from said input 
waveguide for modulating said light; and 

(c) an output waveguide combining said first waveguide leg and said second 
waveguide leg to provide a modulated light output; and 

(d) said input waveguide, said first and second waveguide legs, and said output 
waveguide operating as a square law device. 

[cl 7] 1 7. The Mach-Zehnder interferometer of claim 1 6 wherein said square law 

device operation is achieved by making said first waveguide leg long than said 
second waveguide leg. 

[cl 8] 1 8. The Mach-Zehnder interferometer of claim 1 6 wherein said square law 

device operation is achieved by applying a biasing potential to at least one of 
said first and said second waveguide legs. 

[cl 9] 1 9. A method for operating a Mach-Zehnder interferometer as a square law 

device comprising: 

(a) providing an input waveguide for receiving light from a light source; 

(b) providing a first waveguide leg and a second waveguide leg divided from 
said input waveguide for modulating said light; 

(c) providing an output waveguide combining said first waveguide leg and said 
second waveguide leg to provide^ modulated light output; and 

(d) making said first waveguide leg^of a length that is longer than said second 
waveguide leg such that an interferometer formed by said input waveguide, said 
first and said second waveguide legs.Vnd said output waveguide operates as a 
non-linear optimum or minimum point3 

[c20] 20. The method for operating a Mach-Zehnder interferometer as a square law 

device according to claim 19 wherein said interferometer operates at a 
minimum point. 
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